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ABSTRACT

A method for dynamically determining power and scheduling
assignments in a communications network includes select
ing, by a controller, a mobile station in each cell to define a
mobile station set, determining, by the controller, a power
allocation for each of the mobile stations in the mobile station
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set, calculating, by the controller, a global utility function by
evaluating a contribution from each of the mobile stations in
the mobile station set in accordance with the power alloca
tion, repeating, by the controller, the selecting, the determin
ing, and the calculating steps a predetermined number of
times to generate additional ones of the global utility func
tion, and choosing, by the controller, the mobile station set
corresponding to the global utility function having a particu
lar value for a resource block of a frame. The method may also
include repeatedly dividing a user set into clusters to obtain a
best power allocation.
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METHOD AND SYSTEM FOR DYNAMIC,
JOINTASSIGNMENT OF POWER AND
SCHEDULING OF USERS FORWIRELESS
SYSTEMS
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This application claims the benefit of U.S. Provi
sional Application No. 61/561,679, filed on Nov. 18, 2011,
entitled “A Method and System for Dynamic, Joint Assign
ment of Power and Scheduling of Users for Wireless Sys
tems.” which application is hereby incorporated herein by
reference.
TECHNICAL FIELD

0002 The present invention relates to a method and sys
tem for wireless communications, and, in particular embodi
ments, to a method and system for dynamic, joint assignment
of power and Scheduling of users for wireless systems.
BACKGROUND

0003 Interference is one obstacle to high spectral effi
ciency cellular communications. Power allocation/control for
transmission and picking the best users to schedule is one way
to improve performance (other methods include COMP.
MIMO, IC). Inter-cell interference control (ICIC) can be
accomplished in several ways. One way is to adopt a static
power pattern for each eNodeB (eNB) such that each indi
vidual eNB schedules users to take advantage of different
power levels of the neighboring eNBs depending on the inter
ference they receive from those eNBs. This can be made slow
adaptive per loading and interference levels. Many joint
power control and scheduling schemes also have been pro
posed. See, for example, see Liu Xin, E. K. PChong, and N.
B. Shroff, Joint Scheduling and Power-Allocation for Inter
ference Management in Wireless Networks, Proceedings of
IEEEVTC-Fall 2002. The performance of a centralized joint
power control and scheduling scheme generally is better as it
can provide near optimal performance. But the complexity of
Such a scheme makes it very unlikely to be implemented.
SUMMARY

0004 An embodiment method for dynamically determin
ing power and Scheduling assignments in a communications
network including selecting, by a controller, a mobile station
in each cell using a randomization algorithm to define a
mobile station set, determining, by the controller, a power
allocation for each of the mobile stations in the mobile station

set, calculating, by the controller, a global utility function by
evaluating a contribution to a global utility from each of the
mobile stations in the mobile station set in accordance with

the power allocation, repeating, by the controller, the select
ing, the determining, and the calculating steps a predeter
mined number of times to generate additional ones of the
global utility function, and choosing, by the controller, the
mobile station set corresponding to the global utility function
having a particular value for a resource block of a frame.
0005. An embodiment method for dynamically determin
ing power and Scheduling assignments in a communications
network including selecting, by a controller, a first mobile
station in each cell using a randomization algorithm to define
a first mobile station set, determining, by the controller, a first
power allocation for each of the first mobile stations in the

first mobile station set, calculating, by the controller, a first
global utility function by evaluating a contribution to a first
global utility for each of the first mobile stations in the first
mobile station set in accordance with the first power alloca
tion, selecting, by the controller, a second mobile station in
each cell using the randomization algorithm to define a sec
ond mobile station set, determining, by the controller, a sec
ond power allocation for each of the mobile stations in the
second mobile station set, calculating, by the controller, a
second global utility function by evaluating a contribution to
a second global utility for each of the mobile stations in the
second mobile station set in accordance with the second

power allocation, and choosing, by the controller, between
the first mobile station set and the second mobile station set
for a first resource block of a frame in accordance with the

first global utility function and the second global utility func
tion.

0006 An embodiment controller for dynamically deter
mining power and scheduling assignments in a communica
tions network including a memory storing a look up table, the
look up table in accordance with a number of base stations in
the communications network and pathlosses, and a processor
operably coupled to the memory, the processor configured to
select a mobile station in each cell using a randomization
algorithm to define a mobile station set, to determine a power
allocation for each of the mobile stations in the mobile station

set, to calculate a global utility function by evaluating a con
tribution to a global utility from each of the mobile stations in
the mobile station set in accordance with the power alloca
tion, to repeat the selecting, the determining, and the calcu
lating steps a predetermined number of times to generate
additional ones of the global utility function, and to choose
the mobile station set corresponding to the global utility func
tion having a particular value.
0007 An embodiment method for dynamically determin
ing power and Scheduling assignments in a communications
network includes receiving, by a controller, pathloss infor
mation from a base station in each cell in accordance with

transmissions with corresponding mobile stations, determin
ing, by the controller, a power allocation for each resource
block from each of the base stations using an algorithm, and
sending, by the controller, the power allocation to each of the
base stations for use by the base stations in scheduling the
mobile stations.
BRIEF DESCRIPTION OF THE DRAWINGS

0008 For a more complete understanding of the present
disclosure, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawing, in which:
0009 FIG. 1 illustrates an embodiment communications
network where base stations serving several mobile stations
are scheduled and provided power allocations by a controller;
0010 FIG. 2 illustrates a plurality of resource blocks in a
frame used by the base stations of FIG. 1 while communicat
ing with the mobile stations;
0011 FIG. 3 illustrates a flow diagram for joint power
allocation and scheduling; and
0012 FIG. 4 illustrates a flow diagram for clustering from
the joint power allocation and scheduling of FIG. 3; and
0013 FIG. 5 is a block diagram illustrating a computing
platform that may be used for implementing, for example, the
devices and methods described herein, in accordance with an
embodiment.
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0014 Corresponding numerals and symbols in the differ
ent figures generally refer to corresponding parts unless oth
erwise indicated. The figures are drawn to clearly illustrate
the relevant aspects of the embodiments and are not neces
sarily drawn to scale.
DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

0015 The making and using of the presently preferred
embodiments are discussed in detail below. It should be

appreciated, however, that the present disclosure provides
many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative and do not limit the scope of
the disclosure.

0016. The present disclosure will be described with
respect to preferred embodiments in a specific context,
namely, 3rd Generation Partnership Project (3GPP) Long
Term Evolution (LTE) communications network. The con
cepts in the disclosure may also apply, however, to other types
of communications networks and/or wireless communica

tions such as, for example, 4" Generation (4G) cellular sys

(0020 Referring collectively to FIGS. 1-2, each of the base
stations 14 transmits to the mobile stations 16 located in its

cell 12 using a frame 20. In an embodiment, the frame 20
depicted in FIG. 2 represents one millisecond (1 ms) and
includes fifty individual resource blocks 22. Therefore, dur
ing communication between one of the base stations 14 and
one of the mobile stations 16 in FIG. 1, one of the frames 20
is transmitted each millisecond. In other embodiments, the

frame 20 may represent a different amount of time and
include more or fewer resource blocks 22.

0021

Referring to FIG. 2, each resource block 22 in the

frame 20 is allocated to a mobile station, such as the mobile

stations 16 depicted in FIG. 1. Notably, one of the mobile
stations 16 may be assigned several of the resource blocks 22.
For example, resource block “1” in FIG.2 may be assigned to
mobile station 16 in FIG. 1, resource block “2” may be
assigned to mobile station 16 resource blocks '3” and “4”
may be assigned to mobile station 16, and so on and so forth
until all of the available resource blocks have been allocated.

In another example, resource blocks "1-30” may be assigned
to mobile station 16 and resource blocks “31-50” may be
assigned to mobile station 16. In yet another example,
resource blocks "1-50, which constitutes all of the available

tems, LTE-Advanced, and so on.

resource blocks for the 1 ms frame 20, may be assigned to

0017 Referring now to FIG.1, a communications network
10 is illustrated. The communications network 10 generally
includes a plurality of cells 12 (e.g., a macro cell, a micro cell,
a pico cell, a femto cell, etc.). In FIG. 1, the cells 12 in the

blocks 22 to the mobile stations 16 for each frame 20 may be
referred to as scheduling and is performed by the controller
18. Notably, the resource blocks 22 are re-assigned for each 1

mobile station 16. This operation of assigning resource

communications network 10 have been labeled with a sub

ms frame 20.

script to differentiate them from each other (e.g., 12, 12, and

0022. Each of the resource blocks 22 is capable of carrying
data intended for the mobile station 16 assigned to that par

entiate them from each other (e.g., 14, 14, and 14.). The

blocks 22 may be thought of as a frequency within a fre
quency band. In an embodiment, transmissions occur in a
frequency band of about 5 MHz to about 10 MHz.
0023. Because each of the base stations 14 in the commu

12). Each of the cells 12 includes a base station 14 (e.g., a
node B, an evolved node B (eNB), etc.). In FIG. 1, the base
stations 14 have also been labeled with a subscript to differ

base stations 14 each serve the mobile stations 16 (e.g., user
equipments (UEs), etc.) that are currently located within their
cell 12. For the purpose of clarity, the mobile stations 16 have
been labeled with a subscript to differentiate them from each
other (e.g., 16-16).
0.018. In circumstances where each of the base stations 14
determines its own power allocation and scheduling for trans
missions to the mobile stations 16 within its own cell 12

without regard to or consulting with neighboring base sta
tions 14, undesirable inter-cell interference may occur. To
remedy this, the base stations 14 in the communication net
work 10 may be coupled to each other through wired or
wireless links. When connected to each other, the base sta

tions 14 in neighboring or adjacent cells 12 may communi
cate with each other to collectively determine the power allo
cation and Scheduling for transmissions to all of the mobile
stations 16 in the communications network 10 in an effort to

reduce the inter-cell interference. Unfortunately, this inter
cell interference coordination approach is not without disad
Vantages (e.g., large overhead, not very dynamic, etc.).
0019. To resolve the inter-cell interference issues, in an
embodiment a controller 18 is incorporated into the commu
nications network 10. The controller 18 is communicatively
coupled to each of the base stations 14 in the communications
network 10. As such, and as will be more fully explained
below, the controller 18 is able to collectively determine the
power and scheduling for all of the base stations 14 (or some
Subset of base stations) for transmissions to the mobile sta
tions 16. In doing so, the controller 18 is able to beneficially
mitigate or eliminate inter-cell interference.

ticular resource block 22. Therefore, each of the resource

nications network 10 of FIG. 1 uses the same format for the

frame 20, interference between adjacent cells 12 may occur.
This is particularly true for mobile stations 16 at or proximate
a boundary of adjacent cells 12 Such as, for example, mobile
station 16 located at the border of cell 12, and cell 12.
0024. One method of combatting interference between
adjacent cells 12 is known as inter-cell interference coordi
nation (ICIC). As an example of this practice, base station 14
of FIG. 1 transmits to mobile station 16, because of its close
proximity, with relatively low power when using resource
block 1 (FIG. 2). At the same time, base station 14 transmits
to mobile station 16, which is far away from base station 14,
with relatively high power when using resource block 1. By
operating in this manner, interference is mitigated or elimi
nated with regard to resource block 1 when used simulta
neously by base station 14 and base station 14.
0025. In an embodiment, the controller 18 of FIG. 1 is able
to perform the ICIC process globally and for all of the base
stations 14 in the communications network 10. In other

words, the controller 18 determines the power allocation to be
used by each of the base stations 14 when transmitting to each
of the mobile stations 16 with regard to each resource block
22 in each 1 ms frame 20. In other words, the controller 18
coordinates transmissions from each of the base stations 14 to

improve parameters of the communications network 10 Such
as, for example, throughput, signal to noise ratio, and so on.
0026 Referring now to FIGS. 1 and 3, an embodiment
method 24 of coordinating transmissions in the communica
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tions network 10 of FIG. 1 using the controller 18 is illus
trated. As will be more fully explained below, the method 24
involves dynamically determining power and scheduling
assignments for multiple mobile stations 16 and base stations

utility value (e.g. to maximize the utility). When evaluating
the best power levels the power levels of the other clusters
could be assumed as the power levels used in the previous
iteration. The final power levels may be obtained through

14 for each resource block 22 in each 1 ms frame 20. The

several iterations.

method 24 is repeated in order to determining power and
scheduling assignments for resource blocks 22 in Subsequent

0032. In block 80, the global utility function for the clus
tering realization is calcluated. In an embodiment, the calcu
lation includes Summing the utility of all the clusters. As
shown in block 82, the process may be repeated a pre-deter
mined number of times using redefined cluster realizations
whereby the mobile stations 16 are rearranged into different
groups, and the best power levels and the associated utility for

frames 20.

0027. In block 26, a single one of the mobile stations 16 in
each cell 12 in the communications network 10 is selected by
the controller 18 using a randomized algorithm. The single
mobile station 16 in each cell 12 may be referred to as a
candidate mobile station. The set of these candidate mobile

each cluster realization is obtained. Then, in block 84 the best

stations 16, one from each cell 12, may be referred to as a user
equipment vector (UEV). By way of example, the initial UEV

is selected by the controller 18 according to a local propor
tionally fair allocation. For example, in the proportionally fair
allocation the mobile stations 16 may be randomly selected
by maximum throughput and considering the location of the

cluster realization and associated power levels which gives a
particular value of utility is selected.
0033. In an embodiment, the act of clustering may be done
purely randomly subject to a maximum number of users
(depend on the manageable number or table size) or done in
accordance with the interference among the users. In the latter
scenario, the clustering is done in Such a way to minimize the
interference among the clusters. Depending on the starting
point, there may be several clustering outcomes.
0034. In an embodiment, the power allocation is deter
mined using a look up table, either with or without the use of
subsets noted above. The look up table may be in accordance

mobile stations 16 in the cell 12. In an embodiment, the local

with the number of base stations 14 in the communications

proportionally fair allocation is determined using a biased
coin process. By way of example, if three mobile stations 16
are considered, the chance of randomly choosing one of the
mobile stations is determined by the following: 16/(16+
16+16).
0029. In an embodiment, the particular mobile stations 16
that will be included in the mobile station set may be selected
using a uniform random process. In an embodiment, the
mobile stations 16 may be selected by considering the best
mobile stations 16 in accordance with a local proportionally
fair allocation and then selecting randomly form those best

network 10 and/or a pathloss between each of the base sta
tions 14 and the mobile stations 16. The pathloss set may be

for communications network 10 of FIG. 1 would include

three mobile stations (e.g., mobile station 16 mobile station

16 mobile station 16) because there are three base stations

14 defining three cells 12.
0028. In an embodiment, the single one of the mobile

stations 16 in each cell 12 in the communications network 10

mobile stations. In other embodiments, other methods or

processes of randomly selecting mobile stations 16 may be
implemented.
0030. Once the mobile station set (i.e., the UEV) has been
defined, in block 28 a power allocation for each of the mobile
stations 16 in the mobile station set is determined by the
controller 18. The steps for determining the power allocation
for a given mobile station set is explained in FIG. 4. In an
embodiment, the power allocation is determined by dividing
the mobile station set into subsets or clusters of mobile sta

tions called a cluster realization 16, subject to a specified
maximum number of mobile stations in each cluster. This is

described in block 76. This may be done to simplify math
ematical calculations.

0031. As an example, assume for the purpose of discus
sion that the mobile station set includes ten of the mobile

stations 16, each having six power levels, in the communica
tions network 10. If so, an exhaustive power allocation deter

mination calculates and considers 10° (or 1,000,000) combi

referred to as a channel matrix.

0035. The channel matrix may be obtained using the
observed path losses of the existing users of the current base
station set up, which represents all the possible path loss
combinations. These path loss occurrences could be quan
tized in the multi-dimensional space to match the combina
tions, which results in the same best power combinations into
one quantized combination. This quantized table could be
prepared off-line and stored to be searched when the optimi
Zations are done during actual power allocation and schedul
ing as explained before.
0036. In an embodiment, the look up table is employed to
determine, for example, the best transmission rates and power
vectors for the mobile stations 16. In an embodiment, another

method of developing the look-up table may be used. In
particular, the look table may be constructed as a generic look
up table where all the practically possible path loss combina
tions are used for the above quantization.
0037 Details regarding the generation of the lookup table,
an optimality proof for a PC scheme, and a method to reduce
the search space, as well as other embodiments, are provided
in Vahid Tarokh, Dynamic Joint Power, Frequency Allocation
and Scheduling for 4G and Beyond Cellular Systems, Nov.
15, 2011, which is included herewith as part of this patent
application.
0038 Referring again to FIGS. 1-4, after the power allo
cation for each of the mobile stations 16 in the mobile station

nations. If, however, the mobile station set is divided into two

set is determined by the controller 18, in block 30 a global
utility function is calculated by the controller 18 for each of

subsets of 5 each, then 56 (or 15,625) combinations are

the mobile stations 16 in the mobile station set in accordance

needed to be evaluated and considered for each subset. There

with the power allocation. Thereafter, as reflected by block 32
in FIG. 3, the steps of selecting in block 26, determining in
block 28, and calculating in block 30 may be repeated or
performed iteratively. In an embodiment, the steps are
repeated in accordance with a predetermined value, until a

fore, when there are a large number of base stations the
clustering simplifies the calculation significantly. In block 78.
a determination of the best power levels for the mobile sta
tions in the cluster could be done either using exhaustive
search or using a table look up method to achieve a given

threshold is reached, and the like.
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0039 Next, as shown in block 34, the mobile station set
corresponding to the global utility function having a particu
lar value (e.g., the largest value) is selected. By way of
example, if a first mobile station set has a utility value that is
greater than the other mobile station sets, the first mobile
station set is selected. In an embodiment, the global utility
value is throughput. In an embodiment, the global utility
value may be other wireless transmission parameters. Nota
bly, the entire method 24 is repeated for each resource block
22 in the frame 20 until all of the resource blocks 22 have been

assigned to one of the mobile stations 16 by the controller 18.
0040 FIG. 5 illustrates a block diagram of a controller 18
or other processing system capable of implementing the
devices and methods disclosed herein. Specific devices may
utilize all of the components shown, or only a subset of the
components, and levels of integration may vary from device
to device. Furthermore, a device may contain multiple
instances of a component, such as multiple processing units,
processors, memories, transmitters, receivers, and so on. The
processing system may comprise a processing unit equipped
with one or more input/output devices, such as a speaker,
microphone, mouse, touchscreen, keypad, keyboard, printer,
display, and the like. The processing unit may include a
central processing unit (CPU)36, a memory 38, a mass stor
age device 40, a video adapter 42and an I/O interface 44
connected to a bus 46.

0041. The bus 46 may be one or more of any type of several
bus architectures including a memory bus or memory con

troller, a peripheral bus, video bus, or the like. The CPU 36
may comprise any type of electronic data processor. The
memory 38 may comprise any type of system memory such as
static random access memory (SRAM), dynamic random
access memory (DRAM), synchronous DRAM (SDRAM),
read-only memory (ROM), a combination thereof, or the like.
In an embodiment, the memory 38 may include ROM for use
at boot-up, and DRAM for program and data storage for use

while executing programs.
0042. The mass storage device 40 may comprise any type
of storage device configured to store data, programs, and
other information and to make the data, programs, and other
information accessible via the bus. The mass storage device
40 may comprise, for example, one or more of a solid state
drive, hard disk drive, a magnetic disk drive, an optical disk
drive, or the like.
0043. The video adapter 42 and the I/O interface 44 pro

vide interfaces to couple external input and output devices to
the processing unit. As illustrated, examples of input and
output devices include a display 48 coupled to the video
adapter 42 and a mouse/keyboard/printer 50 coupled to the
I/O interface 44. Other devices may be coupled to the pro
cessing unit, and additional or fewer interface cards may be
utilized. For example, a serial interface card (not shown) may
be used to provide a serial interface for a printer.
0044) The processing unit also includes one or more net
work interfaces 52, which may comprise wired links, such as
an Ethernet cable or the like, and/or wireless links to access
nodes or different networks. The network interface 52 allows

communications with remote devices, such as other process

ing units, the Internet, remote storage facilities, or the like.
0045. From the foregoing, it should be recognized that the
communications network 10 employs a joint PC and sched
uling scheme that provides a near optimal global Solution
with much less complexity so that it may be operated dynami
cally to get the best solution for future wireless systems.
Embodiments provide a near optimal inter-cell interference
control (ICIC) scheme that can be applied to both uplink and
downlink. An embodiment provides obtains near optimal
results with an intelligent way of using a predetermined
power look up table and a dynamic user-based clustering
scheme to reduce the complexity. A table look-up method
generally reduces the computational complexity of joint
multi-cell power allocation and scheduling. Randomized
algorithms generally reduce the full search needed over all
cells/sectors end-users yet provide near optimum perfor
aCC.

0046 Embodiments disclosed herein may be utilized in
Long Term Evolution (LTE) radio access network (RAN)
devices such as cellular handsets, base-stations, eNodeB

(eNB). Embodiments may be applied to 4G and Beyond 4G
commercial cellular systems, such as LTE advanced, and So
on. Embodiments also may be utilized in dynamic to static
ICIC schemes, and messaging for centralized control in
future standards may be established. For example, femtocell
to macro eNB-specific messages and macro eNB to femto
messages for power assignment information may be stan
dardized. Embodiments may provide increased capacity,
power efficiency, lower complexity and cost reduction.
0047. In an embodiment, a centralized power control algo
rithm provides the best power levels and scheduling options
for each eNB in accordance with the measurements the cen

tral point received from individual eNBs. The algorithm func
tions such that only the best power levels are provided, but
each eNB selects its UEs in accordance with local PF.

0048. An embodiment cellular network multi-cell/sector
joint power allocation and scheduling method is illustrated in
FIG. 1. A table look-up-assisted method maps the channel
matrix of a set of end-users (each one in a different corre
sponding cell/sector) into a joint power and rate allocation
vector for a given multi-cell/sector utility function. This
method generally is most practical for a small number of
cells/sectors. A randomized algorithm approach selects a
number of candidates near optimal subsets of end-users (a
user in each cell/sector) at each time in each of the aforemen
tioned cells/sectors that nearly optimizes the multi-cell objec
tive function. A randomized method breaks each of the above

candidate vectors of end-users into a near optimal union of
disjoint subsets (of smaller size each) where the table look-up
joint power and rate allocation can be applied to each Subset
in real time. The best candidate UE vector and the associated

best power vector are selected. If there are delays in measure
ment feedback and or processing this could be implemented
in a delayed fashion (apply algorithm outcome in accordance
with the information X TTIs delay).

0049. An algorithm for each resource block is provided
below:

the processing unit to communicate with remote units via the
networks. For example, the network interface 52 may provide
wireless communication via one or more transmitters/trans
mit antennas and one or more receivers/receive antennas. In

an embodiment, the processing unit is coupled to a local-area
network or a wide-area network 54 for data processing and

For each RB:

forue vector iter = 1: max iter

Select a UE per each base station based on local pf.
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-continued

{Random selection based on the probability evaluated using the
local pf)}
Obtain the best power allocation for the UE vector.

{BSs are Clustered dynamically based on the UEs selected in an

incremental manner so as to maximize the utility. For each cluster best
power allocation is found based on the channel matrix of UES by looking

What is claimed is:

1. A method for dynamically determining power and
scheduling assignments in a communications network, com
prising:
selecting, by a controller, a mobile station in each cell to
define a mobile station set;

at a table

determining, by the controller, a power allocation for each

Select the bestue vector with the best power allocation for
Scheduling for this RB. And update the throughput.

calculating, by the controller, a global utility function by
evaluating a contribution to a global utility from each of

end

End.

of the mobile stations in the mobile station set;
the mobile stations in the mobile station set in accor

0050. An example clustering scheme that uses exhaustive
search for best clustering is provided below.

dance with the power allocation;
repeating, by the controller, the selecting, the determining,
and the calculating steps a predetermined number of
times to generate additional ones of the global utility
function; and

Cluster = BSG (Base Station group)
Initialize BSG (start with each BSG with one eNB).
Repeat
FORBSG1 = 1: num BSG
FORBSG2 = 1:num BSG

Obj func}

if BSG1 -= BSG2
{Try joining two BSGs and find combination providing best
Save the best power matrix.

end
END
END

Find the best two BSGs and merge them.
Until no more BSGs to merge

{This will be continued until all the BSG's reach max BSG size or no
more BSGs to merge.

0051 Alternatively, in an embodiment, randomized mul
tiple clustering is used to minimize computing time. In this
case, an eNB is picked randomly and then, the best M-1
highest mutually interfering eNBs are clustered together to it.
Then anothereNB is randomly picked to cluster until no more
clustering can be done. Then, the PC is evaluated for each
cluster, and this is repeated for Krandom iterations to find the
best.

0052 An embodiment table look up obtains user channel
(path loss to all eNBs with large interference) for a large
number of representative users in a system. For simulations
for a given scenario a large number of users are dropped and
these channels are obtained. In practice this may be in accor
dance with many user logs or many drive tests in a given area.
The embodiment normalizes the channel for the interference

and noise and limits the channels with impacting neighbors
only. Then, for a given cluster size, the embodiment chooses
the clusters in accordance with largest mutual interference
and finds all the possible channels. Then the embodiment
quantizes the channel space in accordance with the closest
distance, and for each quantized point finds the optimal power
levels and rates. These rates are stored in a table. During
actual scheduling time, once users are known, the above table
can be used to find the best power levels and data rates.
0053 While the disclosure provides illustrative embodi
ments, this description is not intended to be construed in a
limiting sense. Various modifications and combinations of the

choosing, by the controller, the mobile station set that
corresponds to the global utility function having a par
ticular value for a resource block of a frame.

2. The method of claim 1, wherein the mobile station in

each cell is selected using a randomization algorithm.
3. The method of claim 1, wherein the global utility func
tion corresponds to a throughput and the particular value is a
largest value of the throughputs corresponding to a plurality
of global utility function generated in the calculating step.
4. The method of claim 1, wherein the step of determining
comprises dividing the mobile station set into Subsets, and the
power allocation is determined by the subsets.
5. The method of claim 4, wherein during each dividing
step in the repeating action, the step of dividing the mobile
stations into Subsets is performed randomly to form several
clustering versions and wherein the power allocation is
obtained from the clustering version accordingly.
6. The method of claim 4, wherein the step of dividing the
mobile stations into Subsets is performed by associating the
mobile stations in accordance with a strongest interference
and a maximum cluster size.

7. The method of claim 4, wherein the power allocation for
the Subsets is in accordance with a number of base stations in
the communications network.

8. The method of claim 7, wherein the power allocation for
the subsets is in accordance with a number of power levels
available from the base stations.

9. The method of claim 4, wherein the power allocation for
the Subsets is obtained by performing an exhaustive search.
10. The method of claim 4, wherein the power allocation
for the Subsets is determined using a look up table.
11. The method of claim 10, wherein the look up table is in
accordance with a number of base stations in the communi
cations network.

12. The method of claim 10, wherein the look up table is in
accordance with a pathloss between a base station and each of
the mobile stations.

13. The method of claim 1, wherein the selecting the
mobile station in each cell is in accordance with a local

illustrative embodiments, as well as other embodiments, will

proportionally fair allocation.
14. The method of claim 13, wherein the local proportion
ally fair allocation is in accordance with at least one of a
location, a throughput, and a throughput history for the

be apparent to persons skilled in the art upon reference to the
description. It is therefore intended that the appended claims
encompass any such modifications or embodiments.

15. The method of claim 13, wherein the local proportion
ally fair allocation is determined using a biased coin process.

mobile station.
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16. The method of claim 13, wherein the local proportion
ally fair allocation is determined using a uniform random
process.

17. The method of claim 13, wherein the local proportion
ally fair allocation is determined using clusters of the mobile
stations from which one of the mobile stations is randomly
selected.

18. The method of claim 1, further comprising repeating
the selecting, the determining, the calculating, the repeating,
and the choosing steps for a Subsequent resource block of the
frame.

19. A method for dynamically determining power and
scheduling assignments in a communications network, com
prising:
Selecting, by a controller, a first mobile station in each cell
using a randomization algorithm to define a first mobile
station set;

determining, by the controller, a first power allocation for
each of the first mobile stations in the first mobile station

Set,

calculating, by the controller, a first global utility function
by evaluating a contribution to a first global utility for
each of the first mobile stations in the first mobile station

set in accordance with the first power allocation;
Selecting, by the controller, a second mobile station in each
cell using the randomization algorithm to define a sec
ond mobile station set;

determining, by the controller, a second power allocation
for each of the mobile stations in the second mobile

station set;

calculating, by the controller, a second global utility func
tion by evaluating a contribution to a second global
utility for each of the mobile stations in the second
mobile station set in accordance with the second power
allocation; and

choosing, by the controller, between the first mobile station
set and the second mobile station set for a first resource

block of a frame in accordance with the first global
utility function and the second global utility function.
20. The method claim 19, wherein the first global utility
function and the second global utility function are each a
throughput.
21. The method claim 19, wherein the first power alloca
tion and the second power allocation are determined by divid
ing the first mobile station set and the second mobile station
set into Subsets.

22. The method claim 21, wherein the step of dividing the
first mobile station set and the second mobile station set into

Subsets is performed randomly.
23. The method claim 21, wherein the step of dividing the
first mobile station set and the second mobile station set into

Subsets is in accordance with at least one of a strongest inter

ference and a maximum cluster size.

24. The method claim 21, wherein the first power alloca
tion and the second power allocation for the subsets is deter
mined using a look up table.
25. The method claim 21, wherein the power allocation for
the Subsets is obtained by performing an exhaustive search.
26. A controller for dynamically determining power and
scheduling assignments in a communications network, com
prising:
a non-volatile memory storing a look up table, the look up
table inaccordance with a number of base stations in the

communications network and pathlosses; and
a processor operably coupled to the memory, the processor
configured to select a mobile station in each cell using a
randomization algorithm to define a mobile station set,
to determine a power allocation for each of the mobile
stations in the mobile station set, to calculate a global
utility function by evaluating a contribution to a global
utility from each of the mobile stations in the mobile
station set in accordance with the power allocation, to
repeat the selecting, the determining, and the calculating
steps a predetermined number of times to generate addi
tional ones of the global utility function, and to choose
the mobile station set corresponding to the global utility
function having a particular value.
27. The controller of claim 26, wherein the global utility
function is a throughput and the particular value is a largest of
the throughputs.
28. The controller of claim 26, wherein the processor is
configured to divide the mobile station set into subsets to
determine the power allocation.
29. A method for dynamically determining power and
scheduling assignments in a communications network, com
prising:
receiving, by a controller, pathloss information from a base
station in each cell in accordance with transmissions

with corresponding mobile stations;
determining, by the controller, a power allocation for each
resource block from each of the base stations using an
algorithm; and
sending, by the controller, the power allocation to each of
the base stations for use by the base stations in schedul
ing the mobile stations.
30. The method of claim 29, further comprising requesting
that the base stations delay scheduling the mobile stations
using the power allocation.
31. The method of claim 29, further comprising requesting
that the base stations delay scheduling the mobile stations
using the power allocation due to a delay in signaling to the
base stations.

